Background: Indian tea industry workers are exposed to various exposures at their work-
Introduction
T ea is a popular beverage all over the world. India is among the top producers of tea. Tea manufacturing processes comprise a series of stages including withering, panning, rolling, ballrolling, drying, sifting, blending, and packing. Workers engaged in tea industries are mainly categorized as the garden workers, who are responsible for plantation of tea plants and plucking of tea leaves, and another group who engages in the processing department. The garden workers remain exposed to a wide variety of air-borne allergens including pollen grains, pesticides, microbes and microbial products such as endotoxins and glucans while processing of tea leaves in the production units emits respirable dusts in the breathing zone of the workers engaged in the processes. 1 The dust particles may contain a wide range of allergens and sensitizing agents that may cause various hypersensitivity reactions and respiratory ailments in the workers.
It has been reported that tea industry workers involved in blending and packaging are prone to develop occupational asthma. [2] [3] [4] [5] [6] Castellani and Chalmers (1919) coined the term "tea factory cough" as a common health impairment among the workers occupationally exposed to tea dust. 7 Some studies also reported acute and chronic respiratory symptoms like cough, chest tightness, and rhinorrhea among tea workers during their work. 2, [8] [9] [10] In a case report by Ebihara (1975) , two tea garden workers were found to have allergic diseases. 3 In another report, tea garden workers were found to have high prevalence of respiratory diseases. 11 Exposure to tea dust is a common risk factor in this industry as the workers rarely use any protective measures to cover their noses and mouths; studies have identified respirable tea dust to be associated with airway obstruction. [12] [13] [14] It was also reported that tea industry workers who had atopy, exhibited sharp fall of ventilatory capacity and also rapid fall of airway conductance after bronchoprovocation test. 15, 16 Nevertheless, most of the published reports are from developed countries where health of the workers is taken care along with regular monitoring of the workplace environment. Although, health services are provided to the workers engaged in tea industries in India, monitoring of workplace air quality is mostly overlooked. Therefore, misdiagnosis or delayed diagnosis of work-related asthma or other pulmonary complications is not unlikely in tea industry workers. We conducted this study to investigate the respiratory condition of tea industry workers in India.
Materials and Methods

Study Design and Study Population
We obtained access to two tea gardens located at Kurseong at an approximate altitude of 1500 m in northern part of West Bengal, India. These farms had a plantation area of approximately 650 acres with one tea-leaf processing plant and a workforce of around 110 employees; women were mostly involved in plucking tea leafs from the tea gardens whereas men were mostly employed in the processing/production units.
With an intention to recruit all the workers, we included all who provided consent to participate in this study and complete the survey. We further set the inclusion criteria as ability to perform an acceptable spirometry, not having any active medical condition and/or not receiving antibiotics. After all exclusions, we finally recruited 80 (~73% of the population) workers in the study. We further categorized the participants into garden workers (n=34) and factory workers (n=46) based on their area of work. The study was conducted according to the Declaration of Helsinki and was approved by the Clinical Research Ethics Committee of Allergy and Asthma Research Centre (CREC-AARC), Kolkata; all the participants provided informed written consent before participating in the study.
Respiratory Questionnaire
We administered an English-back Bengalitranslated structured respiratory questionnaire to inquire about respiratory health, occupational exposure, and lifestyle factors of the participants. The questionnaire was a modified version of the European Community Respiratory Health Survey-II (ECRHS-II) that has been used in prior studies. [17] [18] [19] Subjective respiratory complaints in the previous 12 months questioned were (1) acute or chronic wheezing or whistling of the chest, (2) tightness in chest, (3) breathing trouble, (4) acute or chronic cough, and (5) nasal allergy.
Pulmonary Function Test
Pulmonary function tests were performed using a dual-mode Jaeger MasterScreen™ 
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PFT system equipped for spirometry and impulse oscillometry (Jaeger Co, Wurzburg, Germany). The instrument was calibrated with a 3-L fixed-volume calibration syringe before each day testing. Spirometry was performed in accordance with the guidelines of the American Thoracic Society for forced vital capacity (FVC), forced expiratory volume in 1 sec (FEV 1 ) and FEV 1 /FVC. 20 We used the predicted equations for spirometry developed by Quanjer, et al. 21 FEV 1 /FVC <70% was considered "airway obstruction." We conducted a minimum of three and maximum of eight spirometric maneuvers for each participant to evaluate the acceptability and repeatability of each spirogram, according to ATS/ERS statement. 20 Impulse oscillometry (IOS) was performed to assess respiratory impedance according to the standard guidelines. 22 The participants were asked to wear nose clips and hold their cheeks gently to minimize shunt compliance of the cheeks and breathe in tidal volume. Multi-frequency impulses were sent to the airways through mouth for a period of 40 sec; the three reproducible efforts were recorded excluding all possible artifacts such as coughing, breath holding or swallowing. Airway resistance was measured using sound frequencies ranging from 5-20 Hz. Pressure waves at frequencies >15 Hz generally fade before reaching peripheral airways, while those at frequencies <10-15 Hz can penetrate much further into the lung periphery. 23 We used resistance at 5 Hz (R 5 ), 20 Hz (R 20 ), frequency dependence (R [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] ) as indicators of total, large, and small airway resistance, respectively; reactance at 5 Hz (X 5 ) was used as an index of the reactance of the overall respiratory system. [23] [24] [25] [26] We also measured resonant frequency (F res ) and integrated area of low-frequency X (AX) as a sensitive measure of small airways obstruction. [24] [25] [26] Allergy Skin Test Participants were tested with five common allergens, which could be persistent with the workplace: house dust mite (Dermatophagoides pteronyssinus), mixed grass pollen, Cladosporium sp, cat and dog, along with glycerol-saline and histamine controls (Bayer, Elkert, Ind). Droplets of allergens as well as positive and negative controls were applied to the flexor surface of the forearm; the reactions were recorded after 15 min. A wheal with a diameter of at least 3 mm was considered "positive." Atopy was defined as one or more positive skin test results. 
Results
Demographic features of the study partici-
TAKE-HOME MESSAGE
• Indian tea industry workers are constantly exposed to a variety of workplace allergens and sensitizers.
• Long-term exposure to these agents may cause airway problems.
• Although the tea workers did not have any acute lung function impairment, a clinically significant association between respiratory symptoms and involvement of the obstructive components of the peripheral airways was observed.
Respiratory Morbidity of Indian Tea Workers pants are presented in Table 1 . Women were predominantly (p<0.05) more involved in garden work (73%) than factory work (28%). Although the mean height of the factory workers was moderately higher than the garden workers, this difference was adjusted while estimating percentage predicted values of pulmonary function parameters. Other covariates did not differ significantly between the two groups of workers.
Frequency of respiratory symptoms stratified by job categories are presented in Figure 1 . The garden workers reported a threefold higher prevalence of breathing trouble (26.5% vs 8.7%, p=0.02) than the factory workers. Although the prevalence of wheeze among the garden workers was observed as much as double the factory workers (35.3% vs 15.2%), the difference was not significant. Compared to the garden workers, the prevalence of nasal allergy was significantly (p=0.02) higher in the factory workers (41.2% vs 69.6%). Other respiratory symptoms did not differ significantly between the studied groups.
There was no significant difference in spirometric lung function parameters between the garden and the factory workers (Table 2) . Overall airway resistance (R 5 %predicted) was higher among the factory workers than the garden workers (107.3% vs 92.9%). Although there was no significant difference in the central airway resistance between the studied groups, factory workers exhibited very high resistance in their peripheral airways in comparison with the garden workers (143.8% vs 61.1%, p=0.005). Factory workers also had a significantly higher median resonant frequency than the garden workers. The median area of reactance, however, was higher among the garden workers.
Workers who reported wheezing, shortness of breath and acute or chronic cough had reduced FEV 1 (mean rank difference in %predicted 26.4, 37.4, and 14.9, respectively; all p<0.05) compared to those who did not have these respiratory symptoms (Table 3) . Other respiratory symptoms, 
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however, were not observed to modulate the lung function of the workers (data not shown). Although wheezing, shortness of breath and chronic/acute cough were found to have association with impaired spirometric lung function, no change was observed in airway resistance (Table 3) .
Discussion
In this report we observed a very high (67.5%) prevalence of work-related respiratory symptoms among Indian tea industry workers who were constantly exposed to a range of air-borne contaminants including aeroallergens and organic and inorganic particulate matters. Although their lung capacities were within the normal range, the increased propensity of resistance observed in the peripheral airways underscored a significant clinical importance in the diagnosis of respiratory impairments among the workers.
Exposure to tea dust is a major risk factor for occupational asthma among the tea workers. 5, 27 Tea fluffs have been identified as a potential asthmagen, which induce bronchoprovocation and also cause allergen sensitivity among tea workers. 27 In this study, almost 78% of the tea workers had hypersensitivity to the allergens commonly present, either in the plantation areas or in the indoor air. This observation was concomitant with other findings where investigators observed higher prevalence of sensitization among herbal tea workers, although the relation between sensitization and respiratory symptoms has not been very clear. 8, 10, 13, 15 Another study reported a higher prevalence of chronic bronchitis and asthma in tea workers compared to what was expected in general population. 28 Our findings of the reduced lung capacities among the symptomatic workers also underscored a causal association between work-related exacerbations and respira- tory impairments. Although some reports described reduction of FEV 1 of the tea workers at the end of the shift, 12,29 we did not observe any consistent reduction in the lung function of the workers.
We observed a higher prevalence of peripheral airway obstruction among the factory workers compared to the garden workers, not detectable by spirometry. This indicates an underlying mechanism of occupational exposure-associated changes in the peripheral airways that is subtle and may not be readily detected in advance with spirometry. Allergen-associated respiratory disease among tea workers has been found to be associated with increased levels of IgE, 30 which may explain our findings of many patients with respiratory symptoms and atopy among the tea workers. Higher respiratory symptoms among the garden workers indicated exposure to air-borne allergens such as pollen grains and other fungal contaminations at the tea garden. Several occupational studies indicating air-borne fungal contamination in organic material processing areas, 31,32 also exemplify a probable cause of elevated respiratory symptoms of the factory workers because of the exposure to various fungal spores and other microbes present in tea fluffs.
The study has some limitations. Firstly, we could not assess air-borne particulate matters inside the tea processing plant nor could measure air quality of the tea gardens where the workers were exposed to various sources of allergens such as pollen grains, microbes, endotoxins, and glucans. Moreover, we could not characterize the exposures, which could provide substantial information about bio-aerosol exposures over time. Another limitation of this study could be its cross-sectional design that does not provide information about varying respiratory symptoms of the workers over time; however, this is a preliminary report of a longitudinal study and we aim to analyze the changes of respiratory conditions of the workers over time at the end of the study.
Although we observed changes in the airway resistance and reactance patterns among the tea workers, those changes do not effectively reflect an exposure-related decrement in airway resistance or the pulmonary function variables. We could not perform radiographic examination of the participants, which could provide valuable additional data, eg, air trapping, bronchial wall thickening or other structural abnormalities. Although increased peripheral airway resistance could be an early marker of airway disease that would later progress, the cross-sectional nature of the current study hampers assessment of outcomes. Lack of a control group in this study may be criticized; however, a control group, which could match the workers in terms S. Moitra, P. Thapa, et al a r t i c l e a r t i c l e of the socio-economic status, habitation and professional quality could not easily be found. Managerial staffs were not considered control group due to mismatched socio-economic status and physiques.
In conclusion, this study provides an overview of the respiratory health condition of the tea industry workers of India. Although the tea workers did not have any acute lung function impairment or other serious respiratory ailments, we observed clinically significant association between respiratory symptoms and involvement of the obstructive components of the peripheral airways, which essentially accentuates possible impact of exposure to tea fluffs and other suspended particulate matters on respiratory health. Although spirometric lung function seems to be normal, long-term occupational exposure to various air-borne allergens and sensitizers in the workplaces could be a risk for development of lung diseases and thus systematic monitoring of the workplace environment and regular health surveillance program for tea industry workers are warranted.
